Aims Recent international heart failure (HF) guidelines recognize anaemia as an important comorbidity contributing to poor outcomes in HF, based on data mainly from Western populations. We sought to determine the prevalence, clinical correlates, and prognostic impact of anaemia in patients with HF with reduced ejection fraction across Asia. Methods and results We prospectively studied 3886 Asian patients (60 ± 13 years, 21% women) with HF (ejection fraction ≤40%) from 11 regions in the Asian Sudden Cardiac Death in Heart Failure study. Anaemia was defined as haemoglobin <13 g/dL (men) and <12 g/dL (women). Ethnic groups included Chinese (33.0%), Indian (26.2%), Malay (15.1%), Japanese/Korean (20.2%), and others (5.6%). Overall, anaemia was present in 41%, with a wide range across ethnicities (33-54%). Indian ethnicity, older age, diabetes, and chronic kidney disease were independently associated with higher odds of anaemia (all P < 0.001). Ethnicity modified the association of chronic kidney disease with anaemia (P interaction = 0.045), with the highest adjusted odds among Japanese/Koreans [2.86; 95% confidence interval (CI) 1.96-4.20]. Anaemic patients had lower Kansas City Cardiomyopathy Questionnaire scores (P < 0.001) and higher risk of all-cause mortality and HF hospitalization at 1 year (hazard ratio = 1.28, 95% CI 1.08-1.50) compared with non-anaemic patients. The prognostic impact of anaemia was modified by ethnicity (P interaction = 0.02), with the greatest hazard ratio in Japanese/Koreans (1.82; 95% CI 1.14-2.91).
Introduction
Recent international heart failure (HF) guidelines recognize anaemia as an important comorbidity contributing to symptomatology and poor outcomes in HF. 1 The causes of anaemia in HF are multifactorial, and its impact on quality of life (QoL) and outcomes may vary by ethnic background. Prior reports are mainly from Western populations, where the prevalence of anaemia in patients with heart failure with reduced ejection fraction has been reported to range between 16% and 34%, and anaemia has been shown to contribute independently to morbidity and mortality. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Prevalence of anaemia is higher in the general population of Asian compared with Western countries and varies widely across Asia.
14 Yet in contrast to the wealth of data in Western patients, data on anaemia in Asian patients with HF are scarce and limited to single country surveys. 15, 16 We therefore aimed to determine the prevalence, clinical correlates, and impact of anaemia on the QoL and outcomes among Asian patients with HF in the multinational multi-ethnic Asian Sudden Cardiac Death in Heart Failure (ASIAN-HF) registry.
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Methods
The ASIAN-HF registry 17, 18 is a prospective observational multinational registry of Asian patients >18 years of age with symptomatic HF (at least one episode of decompensated HF in the previous 6 months that resulted in a hospital admission or was treated in an outpatient clinic) and left ventricular ejection fraction (LVEF) ≤40% on baseline echocardiography, from 46 medical centres across 11 Asian regions (China, Hong Kong, India, Indonesia, Japan, Korea, Malaysia, Philippines, Singapore, Taiwan, and Thailand). Those with severe valve disease as the primary cause of HF, life-threatening comorbidity with life expectancy of <1 year, who were unable or unwilling to give consent, or have concurrent participation in a clinical therapeutic trial were excluded. 17, 18 Comprehensive data collection at baseline included demographic characteristics, clinical attributes, laboratory investigations, and health-related QoL scores.
A total of 3886 out of 5276 patients enrolled in the study had serum haemoglobin (Hb) levels recorded at baseline and were included in the current analyses. Anaemia was defined according to World Health Organization (WHO) criteria of Hb <13 g/dL for men and <12 g/dL for women. 19 The estimated glomerular filtration rate (eGFR) was calculated using the modification of diet in renal disease formula. Chronic kidney disease (CKD) was defined as eGFR < 60 mL/min/1.73 m 2 .
20
Self-reported ethnicity was classified as Chinese, Indian, Malay, Japanese/Korean, and others. Other ethnicities included Thai, Filipino, and indigenous South-east Asian patients, which were grouped due to small numbers. Geographic regions were categorized according to the United Nations classification as North-east Asia (South Korea, Japan, Taiwan, Hong Kong, and China), South Asia (India), and South-east Asia (Thailand, Malaysia, Philippines, Indonesia, and Singapore). Regions were also classified according to WHO income level groups as lower income (Indonesia, Philippines, and India), middle income (China, Thailand, and Malaysia), and higher income (Singapore, Hong Kong, Taiwan, South Korea, and Japan) groups.
All patients were followed for 1 year for the primary composite outcome of all-cause mortality and HF hospitalizations and the secondary outcome of all-cause mortality. An independent outcomes committee adjudicated all outcome events.
This study complied with the Declaration of Helsinki, and all patients provided written informed consent. Ethics approval was obtained from the relevant local human ethics committees at all sites. Quintiles Outcomes, the contract research organization appointed by the ASIAN-HF academic Executive Committee, handled all registry operations and data management.
Statistical analysis
Categorical variables are presented as numbers with percentages. Continuous variables are presented as medians with interquartile (IQR) ranges or as means ± standard deviation as appropriate. Baseline characteristics of anaemic vs. nonanaemic patients were compared using χ 2 tests, Student's ttests, or Wilcoxon rank-sum tests depending on the type and distribution of variables.
Univariable logistic regression was first performed on all baseline variables for their association with anaemia. Variables that had P < 0.10 and clinically important variables were then included in the final multivariable model for anaemia. These included age, sex, ethnicity, income region, New York Heart Association class, LVEF, HF aetiology, alcohol history, presence of peripheral oedema or elevated jugular venous pressure (JVP), body mass index, diastolic blood pressure, use of diuretics, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEi/ARBs), or mineralocorticoid receptor antagonists (MRAs), presence of diabetes, or CKD. Interaction analysis was performed to assess if the relationship between anaemia and clinically important variables varied by ethnicity.
We depicted outcomes between anaemic and nonanaemic patients using Kaplan-Meier curves and tested differences in crude survival using the log-rank test. For multivariable analyses, we performed Cox regression analysis and validated the proportional hazards assumption using Schoenfeld residuals. The Cox regression model was adjusted for clinically meaningful covariates including age, sex, ethnicity, regional income, education level, HF aetiology, LVEF, alcohol, smoking history, use of MRAs, ACEi/ARBs, beta-blockers and diuretics, and presence of CKD, diabetes, atrial fibrillation/flutter, peripheral artery disease, liver disease, stroke, chronic obstructive pulmonary disease, and cancer. Interaction analysis was performed to assess if the relationship between anaemia and the composite outcome was modified by ethnicity or clinically Anaemia in multi-ethnic Asian patients with heart failure with reduced ejection fraction 571 important variables such as diabetes and CKD. Similar analyses were performed to study the associations between Hb (modelled as quintiles) and the primary or secondary outcomes.
The Kansas City Cardiomyopathy Questionnaire (KCCQ), a 23-item self-administered HF-specific questionnaire, was used to examine patient-centred QoL. This instrument has been widely used in recent international HF clinical trials and has been validated in several languages. 21, 22 NonEnglish speaking participants used certified versions of the KCCQ translated into their native languages. Computed KCCQ scores 23 range from 0 to 100, with higher scores representing better health-related QoL. KCCQ scores were adjusted for the same clinically meaningful covariates as described previously.
A value of P ≤ 0.05 was considered statistically significant. STATA (version 13) software was used to perform all analyses (StataCorp LP, College station, Texas, USA).
Results
Baseline characteristics
Among 3886 Asian patients with HF (60 ± 13 years, 21% women) and available Hb values, anaemia was present in 40% men and 45% women. Compared with non-anaemic patients, anaemic patients were older, more often female, with worse New York Heart Association functional status, higher prevalence of hypertension, diabetes, CKD, and peripheral artery disease, and worse signs of congestion (peripheral oedema and raised JVP) ( Table 1) . Furthermore, anaemic patients were more often treated with diuretics but less often treated with evidence based therapy such as ACEi/ARBs, beta-blockers, and MRAs, than non-anaemic patients (all P < 0.02) ( Table 1) .
As shown in Supporting Information, Table S1 , compared with patients without Hb values, those with Hb values were slightly older, more likely to be from high income regions, and had a greater burden of comorbidities.
Association between anaemia and clinical variables
The prevalence of anaemia varied among ethnicities and was highest in Indians (54.4%), followed by Malays, Japanese/ Koreans, Chinese, and other ethnicities ( Figure 1A 
Quality of life of ASIAN-HF patients with anaemia
Importantly, anaemia adversely affected patients' healthrelated QoL (using the KCCQ), with adjusted KCCQ scores being significantly lower in anaemic vs. non-anaemic patients across most KCCQ domains ( Table 1 ). In particular, physical limitation, social limitation, and symptom frequency domains were affected. Ethnicity did not modify the effect of anaemia on KCCQ scores in this cohort.
Outcomes of ASIAN-HF patients with anaemia
A total of 767 (22.1%) patients experienced the primary composite outcome of death or HF hospitalization at 1 year. Crude 1 year mortality was higher in anaemic vs. non-anaemic patients [201 (14.1%) vs. 194 (9.6%), P < 0.001]. Anaemia was associated with higher hazards of the primary composite outcome [hazard ratio (HR) = 1.28, 95% CI 1.08-1.50] ( Table 2 ) and 1 year allcause mortality (HR = 1.39, 95% CI 1.10-1.75). A significant interaction was found between ethnicity and anaemia on the primary composite outcome (P interaction = 0.023). Here, we found that anaemia was associated with worse outcomes in Japanese/Koreans patients (adjusted HR 1.82; 95% CI 1.14-2.91, P = 0.012) ( Table 2) . Despite the higher prevalence of anaemia in Indians, the absence of significant association between anaemia and outcomes in Indians was observed. Outcomes among Indian patients were better compared with other ethnic groups (Table 2, Figure 1C) . Anaemic Indians were also significantly younger (61.1 ± 12.4 years) when compared with anaemic Chinese (66.8 ± 11.9 years), Japanese/Koreans (69.6 ± 12.8 years), and other ethnicities (62.4 ± 12.5 years), respectively.
When Hb was modelled as quintiles (Table 3) , the lowest Hb quintile 5.0-11.3 g/dL was significantly associated with 572 V.J. Goh et al. Anaemia in multi-ethnic Asian patients with heart failure with reduced ejection fraction 573 higher hazard in the primary composite outcome, whereas the two lowest Hb quintiles 5.0-11.3 and 11.4-12.6 g/dL vs. the third Hb quintile 12.7-13.7 g/dL were associated with higher hazards of 1 year mortality. Sex did not modify the effect of Hb on both the primary composite and secondary outcomes tested.
Discussion
The results of this study show that anaemia is highly prevalent among Asian patients with HF, with significant variation among the different Asian ethnicities. Importantly, anaemia CI, confidence interval. The P-value for interaction is the interaction between ethnicity and anaemia for the association with the primary composite endpoint.
a Adjusted for age, sex, ethnicity, income region, heart failure aetiology, left ventricular ejection fraction, alcohol and smoking history, angiotensin-converting enzyme inhibitor/angiotensin II receptor blockers, mineralocorticoid receptor antagonists, beta-blockers, diuretics, chronic kidney disease, diabetes mellitus, atrial fibrillation/flutter, peripheral artery vascular disease, liver disease, previous stroke, chronic obstructive pulmonary disease, and cancer. severely impacts survival and QoL in Asian patients with HF. Indian patients are especially prone to anaemia, which is present in more than half of cases, whereas anaemia is related to the greatest risk of death or HF hospitalization in Japanese/Korean patients with HF. These findings may carry important implications for risk stratification and management of Asian patients with HF, especially given that iron deficiency is now recognized to be a key and treatable cause of anaemia in these patients. 4, 16, [24] [25] [26] [27] The prevalence of anaemia in HF has previously been reported in European studies to range between 16% and 53%. 3, [5] [6] [7] [8] 12, 13, [28] [29] [30] [31] [32] [33] [34] [35] [36] Differences in characteristics of the study populations could account for this wide range in prevalence. For meaningful comparison with our results, we inspected previous reports using the WHO definition of anaemia and included patients with stable chronic heart failure with reduced ejection fraction. Studies of acute decompensated HF patients were excluded, as baseline Hb levels could be falsely lowered by the acute fluid overload status and haemodilution. The overall prevalence of anaemia in our Asian cohort (41%) was higher than that in similar studies of predominantly White ethnicities (16-34%), despite the younger age of our cohort (Supporting Information, Table S2 ).
The prevalence of anaemia in the Indian subpopulation of our study was particularly high, affecting >50% of Indian patients with HF. A previous report on patients from Singapore showed that Indian patients with HF had high rates of iron deficiency. 16 This suggests that iron deficiency is a major contributing factor to the high prevalence of anaemia among Indian patients with HF and that Indian patients with HF may benefit from contemporary treatment for iron deficiency, including intravenous iron supplementation. 24 Vegetarianism, black tea drinking, and potential genetic factors have been explored as potential reasons for the high prevalence of iron deficiency among Indians; 11 however, this remains to be studied. Surprisingly, despite the high prevalence of anaemia in Indian patients, anaemia was not associated with outcomes in the Indian population. This could in part be due to the younger age and better renal function of anaemic Indians in ASIAN-HF, thus representing a lower risk ethnic group in general compared with the other Asian ethnic groups in ASIAN-HF. Accordingly, outcomes among Indian patients were better compared with other ethnic groups with anaemia (Table 2, Figure 1C) .
Data from the Japanese Cardiac Registry of Heart Failure in Cardiology (JCARE-CARD) 15 showed a 57% prevalence of anaemia, compared with 37.5% in the Japanese subpopulation of our ASIAN-HF cohort. We postulate that this may be related to the lower mean eGFR in JCARE-CARD (51. . This is further supported by the significant interaction we observed between CKD and anaemia. Here, Japanese/Korean patients in particular were at higher odds for having both CKD and anaemia, suggesting that CKD is a major driving factor for the occurrence of anaemia in Japanese/Korean patients with HF. This also holds true for Korean patients with HF. Previous studies from the Korean Heart Failure (KorHF) registry reported higher rates of anaemia of 41.7%, 37 The clinical implications of this study are two-fold. The high prevalence and potent clinical impact of anaemia among Asian patients with HF suggest that screening for anaemia would be important for risk stratification in these patients. We further highlight particular subgroups of patients who may be targeted for screening (e.g. Indian ethnic group) and identify CKD as a key driver of anaemia in specific subgroups (Japanese/Koreans). Whether treatment of anaemia may improve outcomes among Asian patients with HF warrants further study in prospective clinical trials.
Study limitations
Iron indices were not available to enable determination of cause of anaemia. Potential selection bias is evident in our comparison of patients with and without Hb values and suggests that we have included more severe cases of HF in these analyses (Supporting Information, Table S1 ). While screening logs were encouraged but not available from all sites, every effort was made to ensure protocol adherence and standardization including language translations specific to each region, on-site investigator training, regular monitoring, and centralized database management. We further adjusted for peripheral oedema and raised JVP in an attempt to account for the hemodilutional effect of fluid overload.
Conclusions
This first multi-ethnic ASIAN-HF study shows that anaemia is highly prevalent in Asian patients with HF and adversely impacts QoL and survival, with remarkable differences among the different Asian ethnicities. The high prevalence and potent clinical impact of anaemia among Asian patients with HF suggest that anaemia may be an important therapeutic target in these patients.
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